Bikunin, a Kunitz-type protease inhibitor, is found in blood and urine. It has been established by two laboratories independently that the bikunin knockout female mice display a severe reduction in fertility: the cumulus oophorus has a defect in forming the extracellular hyaluronanrich matrix during expansion. Proteins of the inter-alphatrypsin inhibitor (ITI) family are eliminated in mice in which the bikunin gene has been inactivated, since bikunin is essential for their biosynthesis. Proteins of the ITI family may contribute to the microenvironment in which ovulation takes place. It is not clear, however, whether a single mechanism affects the reproductive function including ovulation. For identifying the full repertoire of the ITI deficiency-related genes, a cDNA microarray hybridization screening was conducted using mRNA from ovaries of wild-type or bik / female mice. A number of genes were identified and their regulation was confirmed by real-time RT-PCR analysis. Our screen identified that 29 (0·7%) and 5 genes (0·1%) of the genes assayed were, respectively, up-and down-regulated twofold or more. The identified genes can be classified into distinct subsets. These include stress-related, apoptosis-related, proteases, signaling molecules, agingrelated, cytokines, hyaluronan metabolism and signaling, reactive oxygen species-related, and retinoid metabolism, which have previously been implicated in enhancing follicle development and/or ovulation. Real-time RT-PCR analysis confirmed that these genes were up-and down-regulated two-to tenfold by bikunin knockout. These studies demonstrate that proteins of the ITI family may exert potent regulatory effects on a major physiological reproductive process, ovulation.
Introduction
The inter-alpha-trypsin inhibitor (ITI) family members are synthesized and assembled in liver and secreted into the blood at high concentrations (0·5 mg/ml) (Mizon et al. 1996) . The members are composed of a common light chain, bikunin, and one or two of the three genetically different heavy chains (HC1, HC2, and HC3) (Salier et al. 1996) . Although bikunin was originally identified as a Kunitz-type protease inhibitor essential for inhibition of trypsin and plasmin, there is now increasing evidence to indicate a role for this glycoprotein in the regulation of cell biology (Fries & Blom 2000) . Bikunin may be important in inhibiting the inflammatory response: it has been shown to inhibit the induction of pro-inflammatory cytokines in several types of cells (Nakamura et al. 1997 , Futamura et al. 1999 , Fries & Blom 2000 , Kobayashi et al. 2002 . It also has potent effects on cancer invasion and metastasis. Interestingly, in the case of neoplastic cells, exposure of bikunin or bikunin gene transfection to cancer cells induces suppression of invasion and metastasis (Kobayashi et al. 2002 , Suzuki et al. 2003a . Bikunin may modulate different intracellular signaling pathways including MAP (ERK) and phosphoinositide-3 (PI3) kinases (Akt), which lead to the down-regulation of the expression of urokinasetype plasminogen activator (uPA) (Kobayashi et al. 2001 (Kobayashi et al. , 2003 and its receptor, uPAR (Nakamura et al. 1997) .
A role for bikunin in reproductive physiology has recently been recognized (Sato et al. 2001 , Zhuo et al. 2001 . Mice deficient in bikunin have been generated (Sato et al. 2001 , Zhuo et al. 2001 . These mice are infertile, with abnormalities in ovulation due to lack of cumulus oocyte complex (COC) expansion (Sato et al. 2001 , Zhuo et al. 2001 . The heavy chains (HCs) of the ITI family have been shown to bind covalently to hyaluronan (HA) to form the extracellular HA-rich matrices on the COC. Therefore, the formation of the HCs-HA complex (the COC expansion) in mice is abolished by targeting the gene of bikunin, which is essential for biosynthesis of ITI (Sato et al. 2001 , Zhuo et al. 2001 .
Ovarian histology (Sato et al. 2001 , Zhuo et al. 2001 ) revealed that the bik / ovaries appeared normal, because those of 4-week-old females responded normally to gonadotropin treatment, and those of the adults included follicles at all maturation stages, as well as the well defined corpus luteum. However, after a gonadotropin surge in bik / females, the cumulus oophorus matrix fails to form, and the cumulus cells were dispersed in the antral cavity. During cumulus expansion and ovulation, the blood-follicle barrier opens and allows the influx of members of the ITI family from the systemic circulation. Immunohistochemistry revealed that heavy chains of the ITI family colocalized with HA perfectly throughout the matrix network (Zhuo et al. 2001) . This finding indicates that the HCs-HA complex is a major component of the cumulus matrix. Therefore, the infertility of bik / females was due to the impaired fertilization of the cumulus oophorus-free oocytes.
Although it is clear that anti-inflammatory homeostasis or many aspects of female reproduction may be regulated by proteins of the ITI family, the precise contribution of the ITI remains to be defined. Presumably, there are select target genes that ITI is capable of regulating in the ovary.
To understand better how proteins of the ITI family regulate different facets of reproductive physiology, we sought to identify ITI-regulated genes in bik / mice using microarray technology. There has not been any attempt to systematically define the full repertoire of endogenous ITI-regulated genes. Identification of these genes is required not only for revealing the nature of all signaling pathways used by ITI but also for defining the set of proteins that are induced or repressed by this glycosaminoglycan. In the current study, we started this investigation using a cDNA microarray hybridization analysis of RNA isolated from ovaries from bik / and wild-type (WT) female mice. Here, we show that we have identified at least 34 bikunin target genes, and that ITI-selective targets include genes involved in the regulation of signal transduction modifiers, cytokines, apoptosis, ovulation-related, aging-associated, stress-related, and neuroendocrine factors. The encoded proteins are involved in a broad range of cellular functions and signaling pathways.
Materials and Methods

Animals
A bik-null mutation, bik / , was created in mouse embryonic stem cells, and mice with germline transmission of this mutation were bred, as described previously (Sato et al. 2001) . Mice were kept at 25 C with a 13-h light, 11-h darkness cycle; a pelleted diet was available ad libitum. Heterozygous mutants were intercrossed to generate +/+, +/ , and / mice. Pups were genotyped by PCR amplification using tail DNA. To stimulate follicular growth and ovulation (superovulation), 35-dayold females were injected i.p. with 5 IU pregnant mare's serum gonadotropin (PMSG) (Calbiochem, San Diego, CA, USA), and 48 h later with 5 IU human chorionic gonadotropin (hCG) (Calbiochem). Samples were obtained from ovaries from 3 individual mice before gonadotropin injection and 12 h after hCG injection. Samples from ovaries from 12 individual mice, used as 2 independent experimental samples for each group, were analyzed to determine RNA transcript levels. Animals were used in compliance with the NIH guidelines and with the approval of the animal care review committee of Hamamatsu University.
Tissue processing and preparation of RNA
Fragments of normal ovarian tissue were dissected and homogenized with a rotary homogenizer. Total RNA from samples, as indicated, was prepared using the Trizol reagent (Invitrogen) by standard procedures. RNA integrity was verified by OD 260/OD 280 nm absorption (Bio-Rad). Total RNA was reverse transcribed as described earlier (Bieser et al. 1998) . All other chemicals were analytical grade. The following primer sets were selected based on published data as indicated (some of these data are from Dr Y Yoshikawa, TaKaRa Bio Inc., Otsu, Japan). To verify specificity of each gene amplification, PCR products were isolated and sequenced.
18S ribosomal RNA (18S): forward 5'-AAG TCT TTG GGT TCC GGG-3', reverse 5'-GGA CAT CTA AGG GCA TCA CA-3'; heat_shock_protein_25_kDa_ 2_(cardiovascular) (NM_013868): forward 5'-ACA TCA AGA CCC TCG GGG AT-3', reverse 5'-CTC AGA TTT TTA TCT CCG TCC GGA AG-3'; plasminogen (NM_008877): forward 5'-AGA CAA ACC CAC GGG CAG-3', reverse 5'-GGC TAT TAA AGT ACC GCC ACA GAA-3'; G_protein-coupled_receptor_90 (NM_030726): forward 5'-TCT GGT TTG GAA AAC TTC TTC TGC A-3', reverse 5'-AGT CCC ATA CAG AAT CAT CAA GAG AAC TA-3'; Rad51_ homolog_c_(S._cerevisiae) (NM_053269): forward 5'-GCG GGA AGC TGG TGG CTG-3', reverse 5'-AAC TTC TGT CGT CTT CAT TAG GGG TA-3'; protein_kinase_C,_gamma (NM_011102): forward 5'-AAA TTG CAC CTC CTT TCA GAC CA-3', reverse 5'-GAC TAG AGA GGG TAG ATG GGT GTT-3'; calcium_channel,_voltage-dependent,_gamma_subunit_3 (NM_019430): forward 5'-AAG TCT ACA TTT GCG CGC CT-3', reverse 5'-GGG CGT GGT GCG TCT GTT-3'; tumor_necrosis_factor_receptor,_member_ 11b_ (osteoprotegerin) (NM_008764): forward 5'-TGT GAG GAA GGG CGT TAC CT-3', reverse 5'-CTC TTC ACA CAG GGT GAC ATC TAT T-3'; tumor_ necrosis_factor_receptor_superfamily,_member_17
Microarray probe labeling and hybridization
Our goal was to determine the gene expression profile in ovaries of gonadotropin-stimulated bikunin knockout (KO) mice. Initially the cDNA microarrays (TaKaRa Mouse IntelliGene II; TaKaRa Bio Inc., Otsu, Japan; http://www.takara-bio.co.jp) were spotted with 4277 sequence-verified clones that are available from GenBank (http://www.ncbi.nlm.nih.gov/Genbank/index.html). Probes for cDNA microarrays were generated using total RNA from ovaries in a standard reverse transcriptase reaction in which some of the dTTP was replaced with either Cy3-labeled dUTP or Cy5-labeled dUTP (Suzuki et al. 2003b) . In some experiments, the sample was labeled with Cy3; in others, it was labeled with Cy5, with essentially identical results. Hybridization of both Cy3-and Cy5-labeled probes to the same microarray was carried out in a sealed, humid hybridization cassette for about 14 h at 65 C. Microarrays slides were washed and then dried by centrifugation at room temperature. For comparison, commercially available mouse cDNA expression microarrays (Atlas Plastic Mouse 5K and Atlas Glass Mouse 3·8I Microarray; Clontech Laboratories, Palo Alto, CA,USA) were also used for hybridization. These microarrays were arrayed with 5002 and 3800 mouse genes respectively. In these microarrays, several housekeeping cDNAs are included as positive controls. A complete list of the cDNAs and controls on the microarray as well as the accession numbers is available at GenBank and Clontech's Atlas website (http://atlas.clontech.com).
Twenty-one genes were tested for confirmation by realtime RT-PCR analysis.
Microarray data analysis
To determine the fluorescent intensities of the two dyes for each spot, the fluorescence signals of Cy3-and Cy5-tagged cDNA spots on arrays at 532 nm (Cy3) and 635 nm (Cy5) were scanned simultaneously and immediately with an Affymetrix 428 Array Scanner and quantitated using a BioDiscovery ImaGene v. 4·2 (TaKaRa Bio Inc.) (Suzuki et al. 2003b) . The background-subtracted median ratio value was calculated for each spot, and replicate spots on each slide were averaged. The fluorescence intensities were normalized by applying a scaling factor so that the median fluorescence ratio of all spots with detectable signals above background on each microarray was 1·0. The spots that displayed a twofold or greater difference in fluorescence intensities between the two dyes were used to generate gene clusters. Poor quality spots were removed if they were very small, irregularly shaped, or with pixels that were not uniformly distributed throughout the spot.
Quantification by SYBR Green-based real-time RT-PCR on LightCycler
In order to validate the relative change in gene expression in ovaries of bik / mice in selected genes identified by the cDNA microarrays, we used a real-time quantitative reverse transcriptase-polymerase chain reaction approach (Castello et al. 2002 , Naciff et al. 2002 . Ovaries were removed from WT and bik / mice 12 h after hCG injection (n=3mice/group). Total RNA was extracted from ovaries. A 10 µl real-time PCR reaction mix (Roche Diagnostics) was prepared containing the following components: 1 µl LightCycler mix, MgCl 2 (4 mM), primers (0·4 mM) and sample cDNA (0·5 ng/µl). Real-time PCR was performed in the Real Time PCR Detection System to continuously monitor the fluorescence of the high affinity, double-stranded, DNA binding dye SYBR Green I, using an automated detector combined with special software (Bio-Rad). Absence of genomic DNA contamination in the total RNA samples was confirmed by performing the same RT reactions but without reverse transcriptase, followed by quantitative PCR. All data were normalized to an internal standard (18S ribosomal RNA). Each sample was analyzed in triplicate. Moreover, we confirmed the amplification specificity from each primer pair. At the end of the experiments, RT-PCR products were removed from capillaries and analyzed by gel electrophoresis to confirm the presence and assess the purity of the amplicons of interest. Preliminary experiments were carried out with each primer pair to determine the overall quality and specificity of the primer design. After RT-PCR, only the expected products at the correct molecular weight were identified.
Results
Microarray analysis of ovaries from bik
/ and WT mice
Total RNA was purified from both animal samples, and labeled with either Cy3 or Cy5 fluorescence and then hybridized to the TaKaRa Mouse IntelliGene DNA CHIP. Each slide contained duplicate sets of samples, and the colors of the two cDNA probes were reversed in duplicate assays. Quantitation of the signals produced two kinds of information: the intensity of the signal was proportional to the abundance of the corresponding mRNA, and the degree of redness or greenness indicated the fold induction or repression of mRNA by bik / mice. The average hybridization intensity across all probe sets from the bik / ovary was normalized to that obtained from the WT ovary. Based on the number of genes expressed in WT versus bik / samples, as well as on the level of expression of individual genes, the overall gene expression pattern was similar between WT and bik / ovaries (data not shown). For each gene, the intensity ratio of bik / /WT was calculated. Ratios of 1 indicate equal intensities and therefore no change in gene expression between these ovaries. Ratios below 0·5 indicate down-regulation of gene expression in bik / ; on the other hand, ratios above 2·0 indicate an up-regulation of gene expression in bik / . Using this criterion, we found that 29 and 5 genes were up-and down-regulated respectively in bik / (Table 1) .
Summary of genes induced or repressed in bik
/ ovary
Analysis of the results indicated several genes that were altered in bik / . Cellular functions of some but not all of the bikunin-related genes identified by our screen are known. In Table 1 , the proteins encoded by these genes are grouped according to their functions. The identified genes can indeed be classified into distinct subsets. These include stress-related, apoptosis-related, proteases, signaling molecules, ion channel, cytokines and growth factors, aging-related, hyaluronan metabolism and signaling, reactive oxygen species-related, retinoid metabolism, and neuroendocrine factors.
From the genes represented in the cDNA microarray used in these studies, many genes previously known to be regulated by gonadotropins were in fact markedly up-regulated in bik / mice, including apoptosis regulator, stress-induced protein, heat shock proteins (HSPs), cathepsins, and cytokines among others. However, some of the genes responsive to gonadotropin exposure, identified in the present study, had not previously been identified. The genes showing the most robust response (by fold change) to gonadotropin exposure to the bik / mice include oxidative stress-induced protein, Cdc42, HSPs, tumor necrosis factor receptor (TNFR), Bcl-w, cathepsins, SPI3, Klotho, Rad51, protein kinase C (PKC), uPA, granulocyte-colony-stimulating factor (G-CSF), corticotropin releasing factor receptor (CRFR), glutathione peroxidase, and retinol binding protein. Therefore, most of the genes are involved in modulation of reproductive biology including ovulation.
Validation of a microarray results using real-time RT-PCR
To validate the data obtained in the microarray analysis, we have subjected the RNA samples from the cells that were originally used for microarray analysis to real-time quantitative RT-PCR analysis. Fold induction calculated from the microarray data was compared with that obtained using real-time RT-PCR analysis (Table 1 and Fig. 1 ). The 21 genes were selected for secondary confirmation based on a combination of cDNA probe availability and putative gene function because of interesting properties of the encoded proteins. As shown in Fig. 1 , all of the 16 candidate genes were strongly elevated by bikunin knockout, although the level of 18S ribosomal mRNA was unchanged. On the other hand, the five candidate genes were repressed by knockout. For many of the genes examined, the actual fold induction by real-time RT-PCR was significantly greater than that derived from the microarray analysis (Table 1) . Quantitation of the realtime RT-PCR signals revealed that the fold changes observed in the microarray analysis were, in general, underestimates. Thus, even a relatively small difference noted in the microarray analysis may be physiologically significant. This analysis cannot exclude the possibility that stimulation/repression occurs indirectly through activation/inactivation of one or more intermediary molecules.
Discussion
It has been reported that the mechanism of bikuninmediated inhibition of ovulation is not a direct effect of genetic down-expression of bikunin protein but most likely occurs via suppression of ITI production (leading to lack of HCs-HA complex on cumulus cells), since bikunin is considered to play an important role in ITI production (Zhuo et al. 2001) . In the present study we investigated whether proteins of the ITI family have a direct effect on reproductive biology including ovulation. To understand the molecular mechanism underlying the ovulation defect caused by genetic bikunin deletion, we set out to identify gene expression pathways that might be disrupted in our ITI-deficient ovaries. To address the mechanisms that explain these functions, we sought to identify bikunin knockout-related genes using microarray analysis. Here, we show that down-expression of ITI by targeted disruption of the bikunin gene altered the expression of several genes. Only 29 (0·7%) and 5 genes (0·1%) of the genes assayed were up-and down-regulated respectively by twofold or more. All of the altered gene expressions were confirmed by real-time quantitative RT-PCR analysis. A number of genes known to function in folliculogenesis and known to be important for female fertility were constitutively up-regulated (2-to 10-fold) in the ITI-deficient ovaries (Table 1) . Some of these genes are considered to be associated with the ovulation-related group.
Most notably, the expressions of stress-related, apoptosisrelated, proteases, signaling molecules, cytokines, hyaluronan metabolism, and aging-related pathways were constitutively up-regulated in the ITI knockout ovaries. Consistent with the role of this specific set of genes, up-regulating their expression correlates with the improper regulation of folliculogenesis and the ovulatory system seen in the ITI-deficient ovaries and may explain the infertility observed in these mice.
Heat shock protein
Heat shock response of mouse oocytes is maximal during the growth period, significantly declines with acquisition of full oocyte size and antrum formation within the follicle, and is finally shut off with oocyte/follicle terminal differentiation (Curci et al. 1991) . In addition, the findings that the synthesis of HSPs coincides with the loss of luteal function and that blocking HSP synthesis reverses inhibition of hormone-dependent steroidogenesis strongly suggest a role for HSPs as physiological mediators of luteal regression (Khanna et al. 1995) . In view of known functions of the HSPs, it is likely that these proteins are synthesized in response to adverse environmental conditions (Hahnel et al. 1986 ). Further, HSPs are believed to prevent damage to protein structures under various conditions of environmental stress (Tanake et al. 1995 , Hashizume et al. 1997 , Neuer et al. 1998 . We speculate that the ITI KO ovary may constitutively produce HSPs to conquer adverse environmental conditions. In addition, tumor necrosis factor (TNF)-is a cytotoxic cytokine that is produced in progressive amounts during the secretory phase. It has been reported that bikunin has an ability to inhibit expression of several cytokines including TNFby inflammatory cells or neoplastic cells (Kobayashi et al. 2001) . Here, we show that TNF-receptor (osteoprotegerin; see below) is constitutively overexpressed in bik / mouse ovary. The function of the HSPs may be to protect cells against the cytotoxic damage of TNF-.
Osteoprotegerin
Osteoprotegerin (OPG) is a novel member of the TNF receptor superfamily (Simonet et al. 1997) . Interestingly, OPG mRNA was localized in granulosa cells and was detected in the ovary during and after natural ovulation. Its expression was up-regulated at the end of ovulation and progressively down-regulated after 48 h postovulation. However, we show that OPG is constitutively overexpressed in bik / mouse ovary.
Bcl-w
The majority of ovarian follicles undergo atresia mediated by apoptosis (Leo et al. 1999) . One key group of intracellular factors regulating apoptosis is the Bcl-2 family of proteins (Adams & Cory 1998) . A delicate balance between anti-(Bcl-2 and Bcl-xL and Bcl-w) and pro-(Bax and BAD) apoptotic Bcl-2 family members exists in each cell, and the relative concentrations of these two groups of proteins determine whether the cell survives or undergoes apoptosis. We speculate that Bcl-w may be constitutively overexpressed in bik / mouse ovary to overcome adverse microenvironmental conditions as a defence mechanism.
Cdc42
The Rho family of low molecular weight GTP-binding proteins is important for cadherin-mediated adhesion. Several lines of evidence suggest that members of the Rho family are required for the establishment and maintenance of cadherin-based adherence junctions (Noren et al. 2001) . Overexpression of constitutively active Rac1 or Cdc42 increases E-cadherin localization and actin accumulation at cell-cell junctions (Noren et al. 2001) . It has been established that the specific decrease of -catenin in granulosa cells and the reduction of both -catenin and E-cadherin in theca cells of ovulatory follicles might reflect some of the molecular changes in cell-cell adhesion associated with COC expansion, ovulation and luteinization (Sundfeldt et al. 2000) . These data allow us to speculate that constitutive overexpression of Cdc42 may prevent COC expansion possibly via up-regulation of cadherins at the preovulatory follicle.
Serine protease inhibitor 6
The intracellular serpin, proteinase inhibitor 6 (PI-6), is present in monocytes and granulocytes. PI-6 specifically binds and neutralizes cathepsin that leaks into the cytoplasm of monocytes or granulocytes during biosynthesis or phagocytosis. Control of intracellular cathepsin G may be particularly important, because it has recently been shown to activate the proapoptotic proteinase, caspase-7 (Scott et al. 1999) . Overexpression of PI-6 may prevent activation of caspase-7 during folliculogenesis.
Cathepsins
The expression of cathepsin L (a member of the papain family) and ADAMTS-1 (A Disintegrin And Metalloproteinase with Thrombospondin-like motifs) are selectively induced in granulosa cells of preovulatory follicles by the luteinizing hormone (LH) surge (Robker et al. 2000) . Maximal levels of these proteases are observed at 12-16 h after an LH surge, the time of ovulation. These novel observations indicate that these two proteases regulate some key step(s) controlling ovulation. The constitutive overexpression of cathepsins may destroy the finely tuned mechanism of ovulation.
Cytokines
There are interactions between the immune and reproductive systems. The ovary contains indigenous macrophages, as well as other classes of leukocytes. Cytokines secreted by these cells have been shown to have the ability to regulate ovarian steroidogenesis. Further, cytokines have a role in reproductive functions such as ovulation and pregnancy. It has been reported that the estrous cycles in interleukin (IL)-2 gamma-chain KO mice were irregular compared with wild-type mice . Macrophage/leukocyte-derived IL-5 significantly increased the 11 beta-hydroxysteroid dehydrogenase activity in granulosa cells (Evagelatou et al. 1997) . Thus, leukocytes interact with the ovarian cells through cytokine secretion and/or cell-cell contact to regulate steroidogenesis in human granulosa cells.
Hyaluronan metabolism and signaling
Tiam1 (T lymphoma invasion and metastasis 1) has been identified as an oncogene because of its ability to activate Rho-like GTPases during malignant transformation (van Leeuwen et al. 1995) . The linkage between CD44 and Tiam1 is required for hyaluronan-stimulated Rac1 signaling and cytoskeleton-mediated signaling (Bourguignon et al. 2000) . In addition, Cdc37, a cell cycle regulatory protein, is identified and recognized as a novel group of hyaluronan-binding proteins (Huang et al. 2000) .
Klotho
A unique short lifespan mouse strain in which a single gene mutation caused multiple aging-related disorders has recently been developed and the gene responsible has been identified as klotho (Nabeshima 2002 ). This gene is associated with the suppression of several aging phenotypes (Nagai et al. 2003) . In addition, oxidative stress has a crucial role in the aging-associated cognition impairment in klotho mutant mice, demonstrating that Klotho protein may be involved in the regulation of antioxidative defence (Nagai et al. 2003) . These results suggest that induction of the klotho gene may have protective effects in ovarian damage in bik / mouse.
Granulocyte-colony stimulating factor
Normal ovarian surface epithelial cells secrete G-CSF that is known to have regulatory effects on follicular growth and differentiation, ovulation, and the distribution of intraovarian cells of the immune system (Ziltener et al. 1993) . Ovulation has several similarities with inflammation and is closely connected to the activity of leukocytes and inflammatory cytokines. G-CSF is produced in the human follicle shortly before the ovulatory phase and may play an important role in the mechanism of ovulation (Makinoda et al. 1995 , Yanagi et al. 2002 . It is likely that the constitutive overexpression of G-CSF may destroy a finely tuned mechanism of ovulation.
Protein kinase C
Recent reports indicate that PKC may play an important role in the process of gonadotropin-induced ovulation in the ovary (Shimamoto et al. 1993) . Estradiol production in granulosa cells from large preovulatory follicles may come under the stimulatory control of regulators of PKC as in follicles near ovulation (Hylka & diZerega 1990 ). Here we show that the PKC level is constitutively overexpressed in the bik / mouse ovary.
Glutathione peroxidase
The fundamental defence of the organism against reactive oxygen species (ROS) includes scavenger enzymes (superoxide dismutase, catalase, glutathione peroxidase) and lipid-and water-soluble antioxidant compounds (ascorbic acid, glutathione, albumin, transferrin, etc.) (Roth 1997 ). Here we show that glutathione peroxidase levels are constitutively repressed in the bik / mouse ovary. The function of glutathione peroxidase may be to protect cells against the cytotoxic damage of ROS, suggesting that the ITI KO ovary may fail to conquer adverse environmental conditions.
Retinoid-binding protein
Retinoid-binding proteins and nuclear receptors are expressed in the reproductive tissues of different species and their expression is hormonally regulated (Schweigert & Siegling 2001) . The presence of specific proteins involved in retinoid metabolism was dependent on events associated with ovulation, the migration of the oocyte through the oviduct and the possible implantation of the blastocyst into the uterus (Schweigert & Siegling 2001 ). Here we show that the retinoid-binding protein level is constitutively repressed in the bik / mouse ovary. It has been reported (Sato et al. 2001 , Zhuo et al. 2001 that bik / mice are infertile, with abnormalities in ovulation due to lack of COC expansion. Based on the present analysis, we hypothesize that bik / mice fail to ovulate possibly through the constitutive up-regulation of HSP, Bcl-w, IL-2 receptor gamma-chain, IL-5 receptor, OPG, Cdc42, protease inhibitor-6 (PI-6), cathepsins, Klotho, G-CSF, PKC, as well as the down-regulation of glutathione peroxidase, retinoid-binding protein, and myelin-associated glycoprotein. Therefore, these results allow us to speculate that proteins of the ITI family in serum or follicular fluid can promote ovulation possibly via improvement of adverse microenvironmental conditions. The molecular basis for this type of specificity may be due to some combination of ITI-dependent interactions with other cofactors or pathways. There may also be unique cell cofactors that play a role in dictating ITI specificity. ITI is a protease inhibitor as well as an extracellular matrix (ECM) stabilizer rather than a transcription factor. Thus, the changes in gene expression are probably due to some form of altered signaling. ITI may positively regulate possible cross-talk between reproductive biology and certain signaling actions. It is not known, however, how many of these genes identified in this study contain functional response elements. It is possible that proteins of the ITI family may regulate these genes via a transactivation/transrepression mechanism that involves activation/competition for limiting amounts of signal molecules.
In conclusion, we have delineated for the first time the biochemical mechanism by which proteins of the ITI family may regulate ovulation by modulating the expression of specific genes. The results presented here should alert us to the fact that proteins of the ITI family will have additional global effects on reproductive biology by modulating the expression of a large number of cellular genes, although it is clear that many aspects of ovulation, especially COC expansion during a preovulatory period, are indeed regulated by HCs of ITI. Clearly, the genomic response to ITI signaling is complex. Future studies focused on the regulation and functional significance of the target genes reported here should increase our knowledge of the biological activity of proteins of the ITI family, including bikunin.
